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ABSTRACT

This paper is devoted to measurements of electron beam vibration
at VEPP-3 storage ring. We measured simultaneously the beam vertical
position by synchrotron radiation monitor, floor and magnetic quadrupole
lens vibrations .

The analysis of spectra of power and correlations points on
strong connection of mechanical vibrations of lenses and beam movement
at Trequencies below 40 Hz and on definitive influence of current supply
fluctuations in the frequency range above hundred Hz .

These resulis could be applied for design of various accelerator
tacilities such as SR sources, B-factories and large future colliders.

AHHOT AL

B padoTe TpMBOZATCA  pesyJbTaTH  MSMepeHWt  BuCpalpm  myuxa
B2IM-3.BepTvicankbHEE MepeMenenys "LeHTpa TAxecTHW' CrycTka olpele/AMCh Mo
AeTexTopy CH C TouHoCTbW Jyume 1 MMKpPOMETDA. OJHOBpPEMEHHO WSNEpACH
BUCpaLMM NTOJIa B 3alie YCKOPUTEJA U KoJedaHna ofHoll M3 KEAADYNOMbHHX JIMHS.
AHAMA3 CTIEKTPOB MONHOCTM M KoppeJalil pasHHX CUMHAIOB B noJjioce e
1250 My BHABMW NPAMYD CRASE MEeXaH4eckx BUOpaUMA JMHES W [oJa ¢
MRMEHEHMEN TIQUIOXSHWA Myuka NpM YacToTax HUXe 40 Tu w cnpejefavmee
BJMAHME HecTaOWIbHOCTel! BJEKTPONMTaHMA Ha MyYoK B JManascHe OoT  COTHW
Mepy Ao kwiol'epua. HoBMSHA TOJYYEHHHX DEIYIBLTATOE B pacuMpeHHoll o Codiee
yem 1 KMl nosioce YaCTOT U KOppeJALMOHHOM aHali3e pas/MuHHX  CUTHAJOE.
JanHHe MaMepeHMil MoryT OHTL MCTOL3OBEHH MNP pacyeTe U NMpoeKTUPOBaHMH
WeTouHMKos CH, B-dacpuic M Cosbmmx yckopurenell CyAyuero.

aBudker Institute of Nuclear Phusics

1. INTRODUCTION
Since the beginning of linear supercolliders design [1] it was
realized that there are significant influence of wibrations on thelr
work. The measurements of vibration levels at Protvino region where
linear superceollider VLEPP 1is planned te be build were presented in
papers [2,3].

As appears [4] the vibrations must be taking also into account in
design -and operation of large clrcular machines with small beam sizes
since they lead to emittance growth and orbit distortions.

Measurements of wvibratlons at small existing machines allow to
estimate thelr Influence at "usual accelerator conditions" for future
colliders.

In the case of VEPP-3 with revolution frequency fD# 4 MHz the most
significant contribution goes from "low" frequency noise fluctuations
of transverse positlon of magnetle elements and currents which produce
a closed orbit distortions (COD) in a storage ring polnt A accordingly

te well known formulae :
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where £ is the sum over all saufces of disteortions i, ﬁ; and ﬂi - values
of beta-functions " in the point A and 1, ¢i = ¢“ is betatron phase
advance hetween the points and v is the betatron tune ,El- beam angle
deviation due to imperfection.

On the other hand for large accelerators ' like Superconductive
SuperCollider (SSC) with fD = 3.4 kHz the region of frequencies about
one kHz 1is wvery dangerous due to "heating of beam" - growth of
transverse emittance [4].

Thus, mesurements of COD at a small ring allow te estimate roughly

a damage of "real condition" vibrations for supermachines.

2. EXPERIMENTAL
General scheme of the set up is shown at Fig.l . The synchrotron
radiation beam (SR) from one of VEPP-3 dipoles passes through the vacuum

channel approximately £ meters long and achieves the SR beam position




monitor (BPM), placed in a vacuum box outside the hall of VEPP-3 storage |

ring.

The measured by BPM displacement of SR beam is R times greater than
the displacement of the electron beam ax* in the point of radiation due
to the angular deviation of the beam :

| 8%,
AX =AX + LB, ; R= ——— = (1. + L/B) (2)
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For experiments discussed below L=8 m ,ﬂ*=15 m and facter R is not very
large R=1.5. i

The BPM is sensitive to photo current appeared after high energy
photon conversion on thin aluminum plates. The difference of - the
currents from two closely spaced plates ( horizontal gap about 100
micrumeters] is proportional to SR beam vertical dlsplaﬁement from
medium plane. :

The monitor was calibrated by displacement of BPM as a whole by the
usage of precise micre mover . The sens;tiviiy was equal to 40
mV/micrometer at electron current in the VEPP-3 of about 80 mA.

The power density of "white noise" of the BPM electronics was equal
to 107 micrometer**2/Hz in the frequency band O - 1800 Hz or 0.5
micrometer . Estimations shows that Schottky noise at similar band gives
about 0.02 micrometer. _ -_

Seismological equipment which we used consists from the commercial
probes of two types : SM-SKﬁ and TAF .” The velocimeter SM3-KV type with

frequency range from 0.05 Hz to 100 Hz was described in details in our

papers [2,3]. Pair of those vertical probes were placed — one on the

VEPP-3 quadrupole lens and another one on the concrete floor of
accelerator hall

The sensitivity of three component piezoelectrical accelerometer
TAF type was 0.5 mV/m/sec’ in the range 1.0 - 1300 Hz and has the
dynamic range of 100 dB relatively to the acceleration of the gravity.
The only TAF was placed on the quadrupole.

Digital part of the set up was based on 10 bit 4 channel CAMAC
ADC-101SK which allows to measure four signal simultaneously and record
them in 4K ﬁDC'memDrx with a toggle frequency 2500 Hz. After the memory
filling all data were directed to IBM  PC/AT.

The calculated spectra of all signals and 12 possible spectra of

=

correlations were avereged for about 150 =200 times and saved in in PC
memory too.
Spectrum of correlations of two slgnals X(t) and Y{t) ( or mutual
correlation spectrum ) we used here is defined as :
< X(w)Y (w)>

K(w) = s (3)
[<|xw)|2>e<|y(@)[*> T

Here brackets <...> means averaging over the time of measurements, X(w)
- Fourier image of X(t) . Coherence menticned below is equal to a module
of complex value of K(w).

For long period measurements we used toggle rate 500 Hz and
lower.In this casethe data were written to IBM PC/AT memory directly and
analyzed later.

3.RESULTS

The most of results presented below were obtained during two days

of measurements :February,28 and March, 1 , 1992. _
: Long term drifts of the beam position which as appears to be rather
significant are presented in Fig.2 together with the calibration of
EMP. One can see that 20 min beam vertical shift is about 100 pum. For 40
csec measurements the r.m.s. displacement was about 5 um.

Fig. 3 shows power spectra of SR beam motlon and of the ground and
VEPP-3 quadrupole vibrations in the frequency range from =0.2 Hz up to
1250 Hz measured during these two days.

Fig. 4 presents r.m.s. values of these vibratlons in frequency band
1f-1250]LH2 as a function of frequency f ,1.e.

1250

8% =[ [ Spectrum(f):df ]
Nar

S (4).

There are several remarkable features of these pictures :

1. the difference in values eof ground and quad vibrations as 1t
seems is due to quads' support ( ten meter iron beam ) which amplifies
ground oscillations ; :

2. the decrease of SR beam spectrum ( = f_a'ﬁ] is significantly
slower than the ground and quad's one ( = £ :

9. the set of power supply frequency harmonics is clearly seen in

all spectra;
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Fig. 2. Slow VEPP-3 beam displacement. Fig. 3. a) The vibration spectra measured in Friday, February, 28,

b) the vibration spectra measured in Sunday, March, 1.
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Fig. 5. Coherence of VEPP-3 magnet and SR beam motion
in Friday (a) and in Sunday (b).
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Fig. 6. Coherence of VEPP-3 magnet and hall floor motion
in Friday (a) and in Sunday (b).
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Fig. 7. Power spectra with and without 2 Hz peak.
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Fig. 8. Comparison of power spectra measured in various places
in the world with VEPP-3 hall spectrum.
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